Background-To determine whether a higher level of copper zinc superoxide dismutase (CuZnSOD) can reduce the severity of oxygen induced retinopathy (OIR) in a mouse model. Methods-CuZnSOD transgenic mice with a threefold increase in CuZnSOD
day 15 , all mice were killed and perfused with India ink. The retinas were flat mounted on slides and examined with a light microscope.
Results-There was a statistically significant increase in the incidence of OIR in mice exposed to high levels of oxygen, whether or not they were transgenic. However, there was no statistically significant difference in the severity of OIR between oxygen treated transgenic and non-transgenic mice. Conclusion-A threefold higher CuZnSOD activity does not protect against OIR in mice. This is an unexpected finding, since oxygen radicals are considered a major factor causing OIR, and increased CuZnSOD activity has reduced oxygen radical induced damage in several neuronal and non-neuronal systems. The possibility of a damaging role for other radicals not affected by CuZnSOD cannot be excluded. (BrJ Ophthalmol 1996; 80: 429-434) Although the cause of retinopathy of prematurity (ROP) in humans is not completely understood, oxygen therapy is one well recognised risk factor.1-3 However, there are many other risk factors, including prematurity,4 low birth weight,34 anaemia,5 blood transfusion,6 and acidosis.7 The exact relation of oxygen treatment to ROP is vague.3 8 To harvest the retina, the eye was left in the orbit while the cornea, iris, and lens were removed. Four cuts from the periphery to the posterior pole were then placed at the 12, 3, 6, and 9 o'clock positions in the retina and the retina was removed using two soft brushes and light pressure from outside the globe. The isolated retinas were flat mounted on subbed slides (5% gelatin), the remaining vitreous and hyaloid artery systems were carefully removed using a soft brush, and the retinas were covered with Permount and a cover slip. The mice whose retinas could be flat mounted were assigned to four groups according to their SOD status and oxygen exposure (Table 1) . Rearing of the mice, perfusion with India ink, and the flat mounting led to some loss of mice or eyes. This loss was equally distributed in the four groups.
SCORING OF OIR
One of us (AJK) examined the retinas in a blinded fashion using a light microscope. Each quadrant of each retina was given a score ranging from 0 (normal appearance) to 2 (most severe OIR change) for each of the following four criteria:
1 Primordial vessels Score=0: mature capillary network. Polygonal meshwork of primordial vessels either absent or confined to the ora serrata (Fig 1) . Score= 1: equally sized areas of mature capillaries and primordial vessels (Fig 2) . Score=2: predominating polygonal meshwork of sinusoid primordial vessels (Fig 3) .
2 Appearance of major veins Score=O: radical pattern of major veins without change in calibre. Branching only in the region of the ora serrata. The smaller veins, which do not reach the ora, arborise into a mature capillary network (Fig 1) . Score= 1: mild change in calibre of major veins.
Branching into sinusoid vessels in the peripheral half of the retina (Fig 2) . Score=2: severe change in calibre of the veins.
The larger veins branch into sinusoid vessels in the central half of the retina (Fig 3) .
3 Capillary loops connecting the superficial with the deep capillary layer Score=O: abundant capillary loops. Score= 1: sparse or irregularly distributed capillary loops were present in the quadrant. Score=2: a few scattered or no capillary loops. 4 Capillary-free zones Score=O: no capillary-free zones (Fig 1) . The results of all experiments are summarised in Figure 4 . After oxygen exposure, we observed several vascular changes in the retina. Most striking was the altered pattern of the major retinal veins. Instead of extending from the disc to the ora serrata in a straight fashion, as was seen in mice not exposed to oxygen, the veins arborised early and irregularly. Sometimes there were gross changes in the calibre of the vessels (Fig 3) . Capillary-free zones were observable in the periphery of the retina, and less often around the disc. A sinusoid small vessel pattern, the so called primordial vessels, is predominant before the adult-type capillaries appear.15 After oxygen exposure, the primordial vessels tend to persist and to show pronounced changes in calibre.
The deep capillary bed develops after the superficial capillary bed and is connected to the superficial bed by numerous loops. These loops, which reflect the extent of the deep capillary layer, can be partially missing in OIR. Vitreous haemorrhage occurred in three mice, one transgenic and two non-transgenic.
We found a significant difference in OIR between the oxygen exposed animals and the 7A '''' ' ' ' Y:'t"f 7 Group 1 =room air treated, non-transgenic; group 2=room air treated, SOD-transgenic; group 3=oxygen treated, non-transgenic; group 4=oxygen treated, SOD-transgenic.
non-transgenic levels, have been shown to be partially or completely protected against the toxic effects of various physical and chemical agents presumed to induce acute oxidative stress with the production of oxygen free radicals. In the nervous system, the sources of oxidative stress have included freezing, blunt trauma, ischaemia and reperfusion, and injection of N-methyl-4-pheny-1,2,3,6-tetrahydropyridine (MPTP) and methamphetamine. Also, there is sometimes interference from artefacts resulting from the flat mount preparation. In the attempt to brush away the hyaloid artery system, it is possible to damage the fine superficial capillary net which could lead to false capillary-free zones. Nevertheless, we showed a statistically significant effect on retinal vascularisation in the oxygen versus room air exposed mice.
Our OIR findings suggest that the main oxygen effect is a delay and disorganisation of the normal development of the retinal vasculature, in that the primordial vessels tend to persist and that the major veins tend not to reach their full extension in regions where they develop last -that is, in the deeper retinal layer and in the periphery of the retina, as well as around the disc. A similar observation was made by Michaelson et 
